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Forming Analysis of Automotive Fender Panel
Considering Die Deformation

M. J. Song, Y. T. Keum
(Received June 12, 2006)

Abstract

In order to see the effect of die deformation on the forming analysis of sheet metals, the draw-ins, strains, and spring-
backs of an automotive fender panels are numerically simulated by considering the die deformation found by the
simultaneous structural analysis of press and dies. By coupling the forming analysis and the structural analysis, the die
deformation is simultaneously taken into account in the forming process. Furthermore, for the consideration of load
difference transferred among the upper die, punch, and blank holder due to the changes in sheet thickness, the gap
elements are employed instead of the blank sheet in the structural analysis. The numerical simulation results of an
automotive fender draw panel are compared with the measurements. The comparison of the forming and spring-back
analysis results between the rigid die and the deformed die shows that the consideration of tool deformation can predict
more accurately the forming and spring-back of sheet metals.
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Fig. 1 Solid model of die structure

Fig. 2 Equivalent contact modeling
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) Cushion Pad
Fig. 3 F.E. model of press/die structure.
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Table 1 Summary of F.E. model

Upper Die Quadratic |_44,969
Blank Holder Tetrahedron 36,788
Punch Solid elements 42,785
Press Slider Quadratic 4-node | 1,027
Cushion Pad Sell elements 2,091
Balance Block . 10

: Gap and Rigid ——
Distance Block 4

elements e

Bottom Block 21
Cushion Pin Spring Elements 22
Forming Force(ton) 875
Blank Holding Force(ton) 75

Table 2 Analysis result of press and die assembly

Effective Stress(MPa) | Displacement(mm)

Min. Max. Min, Max.

Blank Holder 0.099 429 0.017 0.153

Upper Die 0.093 648 0.014 0.516

Punch 0.001 553 0.019 0.197
Max. 648MPa
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Fig. 4 Stress and deformation of upper die

B AN IS 88 X|/M 153 H55, 2006H/389



Hémno2
3.006+02 g

. T0ERR

RIS I

2.10E«02

1.B0B+02 P4

1. 3B

1 HEnE

5.0UE+01 1

G- BOEEL

3.00E01

Max. 429MPa

0. 3B+01

v
L. 06E-01 k
5.00B-02 '

5.o0e-32

(a) Effective Stress

7.006-02
6.00E-02 14
3.00E-02
8.008-02

3,008-02 ¥+

2.005-02
1.g02-02
B, 60E.00

(b) Deformation
Fig. § Stress and deformation of blank holder
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Fig. 6 Stress and deformation of punch
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Fig. 7 Forming analysis flow considering die deforma

-tion
Table 3 F.E. model and boundary condition for forming
analysis
Finite Element Model B.C.
Upper Die 3-node 5676 x,y:Fix, z:free
Blank Holder shell 1226 x,y-Fix, z:free
Punch element 4897 All Fix
Blank Sheet 4-node sell | Min. Elem.
element 2x2mm All Free
B.H.F 75 ton
Punch Speed 5m/s
Holding Speed 2 m/s
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Fig. 9 Layout of draw dies for forming analysis based
on deformed tools
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Fig.10 Comparison of Draw-ins Between Rigid and
Deformed Tool Analyses
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Fig.11 Comparison of draw-ins between rigid and
deformed tool analyses
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Fig.13 Springback distribution obtained from deformed
tool analysis

B / Rigid Die
Springback
Deformed Dic
Springback

Fig.14 Sections to compare spring-back between rigid
and deformed tool analyses
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tool analyses
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